II. Requirements of European law
For the current discussion it is helpful to differentiate between what is mandatory EC law and those other provisions which grant discretionary powers to the Member States 5 . With this in mind, the following legal presentation will first detail binding law and then in a second part outline the optional provisions 6 .
* Dr. Christoph Palme and Ass. Jochen Schumacher both work as lawyers. Matthias Schlee is a molecular biologist at the Institute for Nature Protection and Nature Protection Law, Tuebingen.
The new Deliberate Release Directive on plant engineering was to be implemented into national law on 17 October 2002. As the EC Commission recently gave notice to Germany, that some provisions of the new German implementation law may not comply with EC law, the following article emphasises the painstaking scrutiny of the legal leeway the EU has granted to its Member States in the law of plant engineering. To facilitate the ongoing discussions on implementation in the Member States the possible provisions are divided between (from the European perspective) the mandatory and the optional. In particular, the liability rules for farmers using
GMOs, the rules safeguarding biodiversity in protected zones and the good professional practice rules are both politically and legally fiercely controversial and these topics are not only covered from the legal perspective but also the scientific, as assessed by a molecular biologist.
Binding European law on plant engineering a. General remarks
In this section the pivotal European provisions that the Member States are obliged to implement without any discretion are presented. In the event that a Member State does not comply with these rules, the respective parts of the Directive may under certain circumstances apply directly or incur state liability 7 . In each area EU law provides for compulsory rules for the national legislators and for other provisions where the Member States may choose from among different options. Any respective leeway depends on what exactly EC law stipulates 8 .
In the event that no EU-legislation exists, in terms of regulations or directives (secondary EC law)
9 , the national legislator is bound "only" by the rules of the European Constitution which are predominantly laid down in the EC Treaty (primary EC law) 10 . To be mentioned here, are the free movement of goods laid down in Article 28 EC which, in principle, guarantee genetically engineered (GE) products European wide marketing and such fundamental economic freedoms as the freedom of profession, property rights, the right to invest capital and freedom of scientific research 11 .
On the other hand there is something like a "European Environmental Constitution", Article 174 EC 12 , comprising the precautionary principle, the obligation to protect biodiversity mandated by the Convention on Biological Diversity 13 and the property rights of the GMO-free-crop farmers to till their soil the intended way. Apart from these fundamental values the national legislator is free in its policy on GMOs. The situation is completely different insofar as the EU has legislated on the respective issue either in the form of a regulation or directive. As the EU, in 2001, adopted the above mentioned Directive on Deliberate Releases, each Member State now has to comply with its provisions, leaving discretional powers only to those issues where the Directive explicitly or implicitly so empowers them to do so 14 or where the Directive has not legislated at all. In this situation European constitutional law only plays a role in two contexts. Either it represents theyardstick secondary law has to comply with or it serves as an interpretative aid for secondary law.
b. Risk assessment
Compared to its repealed predecessor Directive 90/220 EEC, the new Directive has tightened risk assessment standards due to rising scientific concerns in terms of human health and biodiversity. This is why Articles 1 and 4 provide for a comprehensive assessment of the adverse effects caused by GMOs. This assessment has to be updated by the latest scientific research to be provided by independent scientific advice 15 . In Germany this is important for the composition of the Central Commission for Biological Safety, an advisory body which has a decisive influence in shaping the decisions of the German authorities supervising GE 16 .
Any dominance by the industry or other conflicts of interest has to be strictly avoided. The risk assessment must not be limited to the direct and immediate effects caused by GMOs but also has to take account of its potential indirect and long-term impact on human health and biodiversity 17 .
Furthermore, Article 4(3) prescribes the assessment of adverse effects occurring through gene transfer from GMOs to other organisms.
c. Authorisation and surveillance
The Directive provides for two kinds of consentone for the deliberate release of GMOs for field trials laid down in part B and the other for placing GMO produce on the market, regulated in part C. The field trials usually precede the placing on the market as they yield the scientific knowledge nec- . This poses some difficulties as only the operator placing the product on the market is the holder of the consent and so a way has to be found to make sure that all the other persons handling the product like wholesalers, retailers, seed companies, farmers, transport companies and the food industry also comply with the labelling obligations 32 .
e. Monitoring and reporting obligations
Articles. 4(5), 13(2), 19(3) and 20 require operators and authorities to constantly monitor GMOs and if need be report new developments. The Member States have to implement this system completely and the only leeway they enjoy is in how they do it 33 . The financial burden of monitoring might be shared between the authorities and operators in that the authorities conduct general monitoring and the operators specific monitoring of the GMOs they have placed on the market 34 . Besides, Article A central part of this protection regime is an impact assessment for all projects in or close to "Natura 2000" sites which may lead to a refusal of those projects likely to have a significantly adverse effect upon the sites concerned 44 . This regime also applies to GMOs, except under Article 6(4) FFHDirective, since GMOs unlike other projects such as airports, roads, mining facilities etc. are not dependent on a special location and there is therefore no need to consider "imperative reasons of overriding public interest": There is always the "alternative solution" of another location within the meaning of Article 6(4) FFH-Directive so this paragraph makes little sense in project assessments concerning GMOs 45 . As for Article 8(g), this provision of the Convention on Biological Diversity requires the EU to control the risks of GMOs on biodiversity. As one of the main risks of GMOs is random contamination of natural sites the main responsibilities of the national legislators will be to make sure that whoever cultivates, handles, stores and transports GMOs takes precautionary action to ensure that the above mentioned activities do not lead to contamination. The best way of implementing this is through the introduction of "good professional practice" via the flexible instrument of an ordinance 46 .
h. Coexistence
According to the EU Commission, no form of agriculture, be it conventional, organic or GMO should be excluded 47 . Therefore the ability of farmers and consumers to make a practical choice between conventional and GM crop production must be guaranteed. This is especially true in the case of organic farming, since the EU, in the aftermath of manifold food scandals, officially tried to strengthen this agricultural sector. To this end, the accidental presence of GMOs in non-GMO crops has to be averted. The EU Commission only issued the above mentioned non-binding recommendation leaving the actual legislation to the Member States. A new Article 26(a) was inserted into the Directive enabling the Member States to "take appropriate measures to avoid the unintended presence of GMOs in other products". Even if the details of matching the needs of both GMO and non-GMO crops are currently part of an ongoing battle between the EU Commission and the Member States, there is at least emerging some kind of direction along which national legislation should go 48 .
For reference, it is again helpful to note the difference between mandatory rules for the protection of GMO free crops as required by the European primary law 49 and secondary law 50 and further, optional law the respective Member State is free to introduce or not. As far as the mandatory rules are concerned they have to safeguard a minimum protection for GMO free farmers. This standard has to ensure that GMO free farmers do not run the risk of being compelled to label their produce as containing GMOs. As there is currently a 0.9 % threshold of GMO presence before the labelling obligation is activated the national law has to guarantee that at least this amount of accidental GMO never occurs in GMO free produce. To this end, the Member States have to pass the following legislation 51 :
-insert "coexistence" as a new aim into national law on plant engineering; -set up rules on good farming practice with a view to preventing contamination of GMO free produce; -make available defensive remedies in case GMO farmers do not comply with good professional practice; -acknowledge that contamination by GMO material exceeding the threshold of 0.9 % represents a material adverse effect within the meaning of national nuisance law triggering compensation claims; -establish rules on the burden of proof, including joint and several liability in cases where it cannot be proven which of several neighbouring farmers caused the contamination; -set up compensation schemes to be financed by the GMO industry as only this allocation complies with the polluter pays principle set out in Article 174(2) sentence 2 EC.
Optional European law on plant engineering
In this section some of the rules the Member States are free to introduce or not will be assessed 52 , and although there is a plethora of possibilities for the Member States to legislate on 53 , only the following two and currently most controversial issues will be dealt with -the protection of sensitive areas and coexistence.
a. Extended protection of sensitive areas
It goes without saying that EU law must provide for the protection of all the special areas the EU itself set up via its Ecological Network "Natura 
III. Biological aspects of environmental law questions

Is there a possibility of the coexistence of GMOs with conventional crops?
The concept that there could be the possibility of coexistence between either unaffected wild species or conventionally bred crop within stands of GMOs 63 has its clear limitations within basic perceptions of natural science 64 . In principle, the transfer of gene constructs will always be possible and has often been demonstrated within labs though it is certainly more rarely seen in field conditions 65 .
Principally, there are two main types of gene transfer. The vertical gene transfer is the direct transduction of DNA to the next generation of the same or a closely related species. Hybridisations are widespread in plants but are rarely to be found in animals. On the other hand, the importance of horizontal gene transfer has now been under scrutiny for about thirty years, describing transductions of DNA beyond species and even kingdom levels of organisms. These facts, however, are part of modern evolutionary concepts (i.e. theory of endosymbionts)
66 . even if one day the sequencing of whole genomes is achieved this will not answer all of the remaining questions as there will always be uncertainty from the retrospective point of view due to extinction events and re-mutations. Parts of the genome can be removed, recombined or mutated in unpredictable ways within each individual. Another important fact is that some genes are only active within a distinct organ or time frame of development -while silenced or inactive in another 69 .
As a result, no one can predict what will happen to GMOs or transferred genes during further evolution. The protection of so-called "evolutionary integrity" is in the meantime recommended 70 , a protection of the self-organisation of the processes of an organisms' evolutionary dynamic. This has to be established over a long time as evolution is not retractable.
Critics mention that an engineered construct is more easily transferred to non-target organisms than wild species as they "are designed to cross species barriers and to jump into genomes, i.e., to further enhance and speed up horizontal gene transfer and recombination"
71 . Moreover, T-DNA of Agrobacterium, and bacterial or viral (CaMV promoter) transfer techniques are suspected of recombining more easily than their wild progenitors or during a natural uptake 72 . Critics therefore see the establishment of a more rapid and expanded transfer of gene constructs than could happen with a more moderate crop usage obtained via classical breeding or comparable to that obtained by an insert of neobiota in autochthonous environments as also leading to a change in genetic variability and the creation of differing ecologic or genetic selections. No matter what plants are grown, man's impact on natural evolution is generally caused by his influence on environmental factors and an increase of anthropogenic habitats, pollution and exploitation of ecosystems 73 . Crops, however, are definitely one of the most characteristic parts of our cultural landscape and are commonly thought to be worth protecting and imbedding within nature conservation concepts. Demarcation between old breeding lines often flows between crops that break through taxonomic boundaries or those that did not establish within historic epochs. Also important to many of mankind's crops heterosis effects (hybrid vigour) play a major role in natural and artificial hybridisation (breeding) and factor effects that are still not yet clarified 74 -the classification of hybrids' behaviour will always be incomplete. An altogether more careful handling of the disposal of organisms 75 in order to avoid the establishment of non-autochthonous species would befrom the point of view of nature conservationistsa basis for a "putting into circulation concept" within which especial control of GMOs could be included. This could offer the possibility of bringing GMOs closer to the "exotic species model", though even then, not totally includable in this model 76 .
Taken together, each sort of gene transfer is in principal possible. Which one occurs and of what importance depends on individual cases, though there is the likelihood that vertical gene transfer will play a major role and be detectable faster and more easily -though no higher or lower risk-assess- ment results from a special mechanism. Monitoring efforts (see III. 3.) will not be able to reflect all possible consequences. While there can be legally binding threshold values, keeping to them is not that easy -not least, due to the lack of methodical verification. It is certain that achieving a 0 % threshold value can no longer be realised 77 .
Main features of a good technical practice for cultivation
The cultivation of GMOs will for the foreseeable future lead to the introgression of given constructs into wild species or other non-target organisms. This will cause questions of what the threshold value levels should actually be whilst the total number of uninfluenced areas will decrease. Fixing onto GMOs -due to a diaspore bank in the soil -could have lasting consequences that might also affect those neighbours who perhaps want to grow crops organically but find it impossible to keep the minimum distances
78
. Due to the lack of studies and verifiable regulations, only some non-representative cases will break through the breeders' walls of secrecy and those farmers fearing the destruction of their fields
79
. On the other hand, the necessity for the specific growth of non-modified breeding lines is also important for the GMO farmers themselves, as cross-breeding has to be ensured with non-resistant opposable partners 80 . could also be ways of minimising risk.
Interference in Natura 2000 areas
As far as can be seen, studies on the effects of GMO influences in conservation areas (nature protection areas, "Natura 2000 areas") are still lacking. The consensus is that monitoring projects should start to improve the actual protection of these areas and highlight relevant discrepancies between crop and GMO biodiversity instead of being simple declarations of intent
90
. Monitoring means the observation and documentation of the consequences in a downstream process as not all parameters and eventualities are testable in the lab. This does not mean that risk assessment can be postponed to monitoring procedures after the product has been placed on the market 91 . The concepts for monitoring are even now far from proven 92 , however, as hard data is still missing 93 and there is also often a tendency to concentrate on the use of model scenarios even though these remain interesting and important
94
.
Necessarily, at first, recent monitoring has focussed on the detection of target genes. Studying the influences of the whole transfer itself, the whole re-composition of the genome during a plant's struggle within changing ecological conditions provides too many parameters and therefore remains too complex. Thus -even though it is also relevant to the biotechnology industry itself -the inclusion of ecology and the resulting activities in aspects of nature conservation came very late. There is, as well, a large financial discrepancy between the molecular biology establishment (though with a still considerable lack in basic research) and the underprivileged ecology
95
. Eco-systemic variations are not representative for other stands, and, therefore, even studies made on recent deliberate releases of GMOs are not necessarily comparable. In addition, the length of these studies is essentially too short and monitoring should, in theory, be extended until the new construct may be ingrained in a new context, though this, however, could last for an unmanageable amount of time -million years 96 . Only 1 % (in Germany, 15 %) 97 of the deliberate releases have been accompanied by detailed ecological studies -not a high significance up to now, since "risk assessments will need to be especially sensitive to temporal and spatial factors" on a "case-
by-case" analysis 98 . Hence, there is a large deficit, having no de lege lata fixation, in the monitoring and reference areas within the GMO regulations. Codes of practice focus mainly on the "Natura 2000" areas, obviously due to most recent basic information evaluated there99, and therefore, there has been a lack of observation in most of the agricultural land and of old cultivars. The complexity of the monitoring is resulting in the use of abiotic factors such as climate and habitat ecology whose influences must be determined over several years 100 . Moreover, within the soils, a variety of, in part, undescribed microorganisms with an unknown ecology, will lead to an unpredictable situation 101 . And it is still not clear, howif at all -an "ecological damage" will manifest itself and be describable 102 .
The simple transfer of the gene construct itself into another organism is -in all due consideration -not inherently a damage, rather an intervention in its "evolutionary integrity" 103 that is also needed for the protection of species and biotopes and not necessarily the status quo. On the other hand most environmental laws (should) include a progression and process idea that would allow a more dynamic conservation concept. This means, that, through change, when discussing GMO influences, the management of nature protection areas within the Central European cultural landscape has also to be debated. Eventually, we will then find it hard to subsume such different approaches as protection of cultural plants, protection of species, and protection of nature conservation areas under the same statute 104 .
Thus, what is really possible to bring about in a defined protection area will have to be regulated by special decree. If the focus is on the protection of special wild crop ancestors, the effects of GMOs would definitely be of very high relevance 105 .
Scientific evidence for outcrossings of GMOs in neighbouring areas
The There is also an overall need for clarifying the question of cost benefit. Two solutions are feasible, on the one hand, costs could be imposed on the general public as the legislature of the EU has articulated a broad use of the green gene technology which could result in public benefits through risk management. On the other, a costs-by-cause principle could be seen to be assigning the benefits to the operators 113 .
Whoever pays, a standard has to be established as to how often experiments should be repeated by independent institutions because the sensitive responses of, e.g. the PCR procedure, could easily lead to false-positive signals due to smallest of contaminations (in the lab). Such a risk of contamination is also possible in each phase of the transport of the probe, e.g. when pollen material is only overlying the probe and will be amplified during PCR. In the case of the use of microarray approachesbased on digitalised and the altogether higher requirements of computer analysis proceduresresults are interpretable on various occasions.
Taken all together, these uncertainties result in the desirability of and need for the parallel usage of several methods to reduce misinterpretationswith even higher labour and overall costs. Otherwise, compliance with threshold values would just be a farce from the very beginning.
It would also be of interest in the identification of an emitter to have the possibility to detect a special sequence docked to the gene construct that would allow for the classification and coding of sufficient data of the producer 114 . DNA is a pretty good candidate for an integrating code 115 and it can therefore be assumed that this procedure is already being used secretly, e.g. for patent purposes 116 and proofs of misuses -but vice versa it can also be a risk if improperly transferred to non-target organisms just to discredit a company.
IV. Summary
Though very belated, the implementation of the new Directive on Deliberate Releases is currently underway in most of the EU-Member States. The Directive contains very specific requirements to be implemented exactly, but it also allows for optional rules that leave discretionary powers to the Member States to decide whether to introduce them or not. From the viewpoint of nature conservation, there remains a lack of basic research which in turn leads to the insufficient predictability of risk assessment of gene technology. On the other hand, methods of monitoring are now already well established in theory and should eventually be used to overcome any data gaps within extensive practical monitoring projects. At the moment, this is necessary to avoid the greatest risk -the secret use of xxxxxx transgenic crops that leads to a lack of control at all stages. Despite the collection of more and more detailed data however, politics, of course, has to classify scientific results 117 and uncertainties will always remain, since environmental law has too many deficiencies when it comes to safeguarding nature protection areas and the genetic integrity of those several wild species that are the ancestors of genetically modified crops.
